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This study is partly a sequel to the investigation of visual acuity 
conducted; by the Personnel Ress&rch Section.,- ÄGQ, Department of the Army (l), 
During th« past war, dissatisfaction vitb. t^sts of "visual acuity" led tö 
efforts by the Arffly-|Javy--iTätiöha:l Research Souncil Vision Cpinmlttee to- 
standardize: visual examinations^ in the hope that uniform results-might be 
secured throughout, the armed forces^« in the course, of this, work the ques- 
tion arose as to whether or not the wide variety of tests in use were actu- 
ally;meäj3urihg a single ^homogeneous function. It is of great practical as 
veil as theoretical significance to know whether several rsimtiyeiy inde- 
pendent aspects? ,of visual: discrimination- are involved, Sn. xhe yafious: ;meäsur9s- 
of '* visual aöüity." 

The results of the- AGO factorial analysis showed clearly that 
"visual acuity-" as measured by different tests is hot a simple-, omidimfh- 

. sionai variable c Instead.,, several essentially unrelated aspects :of visual 
4i's.criinination apprently contribute to the variance pf iSöst of the measures-,,. 
Tests superficially alike differed markedly in "factorial" cQmpo«ition0 A 
similar situation was- found with tests of depth perception and of phöriäs, 
which were analyzed in ä second part of the research. The- following geheräi 
^cpnclusionc.rwa.s .reached? 

"Since all ^estently .ärvrailable acuity ajid depth vision testsv, 
rwäxl chart off machine, ha-vs large- parts, of their variance deter- 
mined by •nQn-pertihgnt. factors., Jnuöh remains^ to be dönö to make 
them really satisfactory* ,,$ -,    Any Validity studies based upon •&- 
single -type of visual -test can only with .great danger Be- used to 
-predict action- bas.ed -upon somes other method- supposedly measuring 
the same function" (1«.. -P« 

The depth perception, -tests used in the AGO analysis were ail "based 
upon binocular. disparity in the views of test objects presented by means of' 
s-tereoscopie optical devices«. The .four depth variables were (a$: the "far 
4epth" measures of. the Ameriqan Optical Company is Sight-?S.creeher;, the 
Bausch and T.omb Ortho-Rater and the Keystone, 'Telebihpcular.». anc] (b] the1 

"near depth" score pf the. Sight^Screeher« 111 pf them were.supposedly 
.measuring, stgrgojcppic acuitys Yet the_ correlations, ampng the measures 
•seouredwith. .di'fferent machihes were only modffateiy high.,, ranging; fr.oia 
,3-1 to: 0'6g-, The- factofr Called "Depth Perception'!' showed .significant 

ae~-£-'öllowing graduate students served as research assistants through- 
put the pe<ri.ed -of this study: Paul Balan, Benjamin H. Srown and. Si-Ihey 
Weinstein^^.'Thair unfailing, cooperation is .gratefully acknowledged« 
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loadings oil all of these depth variables; but the variance of the scores for 
seme of the tests, •was due ,as much, to the general acuity factor called 
"Retinal Resolution" as to= "Depth Perception." In all of the depth tests 
the ^specific and error" variance was high* 

¥ith such a high degree of specificity among these superficially 
similar tests of apparent depth perception, it is not surprising that their 
^correlation virm tests involving real depth would be low. Such is the trend 
among the- eoEreiati-ön? Exported» Fonda e£ al. (2): found virtually no correla- 
tion between Hö\rard~Dblmah scores and the Sight-Screener depth test^ and 
scores on the Hpward-Bplmari rod test showed quite low correlations \d.th 
Orthö^Rater scores, according to Imus (11) * Using subjects with 20/20 vision^ 
he .found, correlations ranging finem «14 to *23 between accuracy -scopes on the 
jiöwä-rd-4)oXman and the Ortho-Rater depth tests The correlations between 
HomEd-Dolman. variability feor-es. and the Ortho-Rater scores range from .20; 
t<> ^40. Mpffl.Q (13) -found higher correlations between Höward^Dblman. and   * - 
-Ortno-iiater scores.:. .43 and «54 £°?' accuracy and variability scores on the 
Howard-Pplia&'n, respectively,. Mpffle also used subjects- with 20j/2Ö visual 
•acuity for betters Such a restriction of the range of subjects in visual 
acuity should, yield lower correlations than would be found with- an unselected 
fsampie-j; if performance, on the depth tests is' influenced by visual acuity. 
This inference is supported by the results of the AGO .study showing the in- 
fluence of visual acuity upon depth ;peFc'eptions. SxperMehtal studlsf. •'Cs-.g.^'S' ) 
„have likewise shown a high correlation, between visual acuity and. stereo 
acuity^        '7    ' . "  ^ •""-     -        - 

In view of the moderate .size, of the intercorf elations among Mnoeular 
tests, of apparent dapibh, it Mght perhaps be .predicted that different binocu- 
lar tetrts of ""real depth perception would likewise, fail to show a high degree 
of. correspondence. One,-study (llj^epofts a corr.e=la?biön ;of »43 between the- 

-Howard-Dolman test and the Verhoeff Stereöpter (18), the two visual situa^ 
-t&T&a presented by these two tests are alike in defending upon binocular 
«pa-raliax, but the tests are quite-different, in-other respects, including the 
mode of response of the subject._.Evidently the differences .contribute mere 
to-.the determination öf performances in -the two tests" than does the "commuh- 
aäitj^L   . '; _  — :-: .""".."    ; 

SV» All of thajforegoing studies have been concerned with binocular 
perception, which arises from the dispat&fcy- of the two views of tridimensionai 
objects presented to the two eyes:* Bü±^peii-c.e.ptiön of depth and -distance is 
possible with one" e*'* i.t.l  ';Lu '-Tuöno.cular" cuos are usually operative concür- 
r&htly with the binocular;* The, important monocular factors include relative 
size, xnw?,po3itio%. linear perspective,, aerial. perapeetivä.. relative- rate of 
möv-emeht^ 3.ight-and," shade, and äccömmödtitien .(6)'. These condltiona become 
increasingly .important as the discriminations .involved occur at greater and 
greater distances from the- subject, Since the eyes are only ab>ut two and -a. 
;half inphss apart,, they -will nave virtually the same -view of objects 100 7arrte- 
away. Hirsch and Weymouth ($)•  report that at 122' meters binocular distance 
pe32C4ption is twice as good as monocular, and estimate that at about 12QÖ 
lileters: the two types would .be approximately equal ineffectiveness,, But these 
figures do. not necessarily mean that binocular disparity (stereo- acuity) 
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produces all of the superiority of the two eyes over one* The coordinated 
use of monocular cues by both eyes is probabler also an important condition 
'of depth perception at such distances« it seems likely that the depth and 
distance discrMlaiat-icns involved i*i many of the tasks of tho flyer and of 
the motor vehicle operator are determined inaihly by monocular cues,.. More- 
over- the numerous and complex monocular cues may operate differentially at 
different distances from the observer« 

This general conclusion is. supported by Kirschberg"H  (12) report of 
the absenge of relationship between flying ability and performance oh the tests 
of binocular depth perception,. 

There has. -been a comparative dearth öf research on rapnoeuiar depth 
pjsrcöption, which is explained by Gibson (5); iii terms of the failure to 
identify and control the stimulus variables in question« In the case öf - 
binocular depth perception the development of stereoscopic and ässoefäfBa ': 

instruments permit of :füantitä±iye control of the .stimulus, variable of retinal 
disparity, with a consequent empha.äis upöh röseareß iii stereo äötSTty«; Prac- 
tical impetus to research', oh stereo acuity* was also provided in World War II 
by the. necessity t.o select, and train; operators" of .stereoscopic' range finders 
•ttiii height finders-« No.comparable interest or research effort occurred for 
monocular depth perception. Gibson's development of a, size estimation test 
for the Army Air Forces- (6) is an important exception, to this trend* And it 
jghpuld be noted that a. considerable mount of imp.prts^i-t basic research <ha-s 
been done on two aspects, of monocular depth perception. Grahain and his> asso- 
ciates 2.7 f ,19)' ha"y# established significant quantitative relationships for 
4>he factors which influence .mönoeml&r- movement parallax thresholds:« And a 
cons-Merable. amount 4f' work has:- been done, öh thö r^lia/biohsM;p between, size: 
and-^Iistance^n^depth. -perc.©ptiön ^4> ^)o  .    . 'V 

2. -T her"gf,esen-t: 

. Ih. ths_ light <Q£ previous research, "depth perception" is. apparent 
hot-a homogeneous, "behavior variable but instead is-a broadVciags; name for a 

- variety ofIvisual discriminations'. Varying degrees, of '!=cGIrlr^unal:ity,, seem. 
to exist among these diverse aspects of .derath and distance discrimination« 
tt-. ijs: important to know inore. about the ''structural" ihterr-elationships among 
these several dimensions of depth perception,, as well as to kno?^ how d-is-^ 
crimination of distance is related to other visual functions.- The present 
»roirlc attempts^ to study these relationships. Such knowledge should have both 
theoretical and practical value, It_should contribute towards an integrated 
science; öf' visual behavior: by providing clues to the nature of; the dependent 
"*i«iaklös ajiy.olv.ed;, And it^shculd provide göMancg. to j|ndi-vlduals and JIgencies, 
concerned with the selection, training, and management of men, who- must judge 
dejth and distance in. the course of! Q^^+i^al; duties^ 

_=/. ---_,_ .More-.'Speeifiesläy, this, study has the following, objectives: 

.(.a.) To secure norms of performance for a fairly large group c£ sub-r 
jects in a variety of visual test situations.^: including both monocular and 
Jbifeaculsr depth discriminaätions.s the tests would'be given twice, with an 
interval!. ;of about, one week between, the1 two-series *        - ~' "  ._.   . - „- 
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(b) To- study the interrelationships among performances on the 

tests by means of factor analysis, with particular reference to the deter- 
minants of variance in depth perception tests» 

(c) To establish the reliability both of individual tests and of the 
factorial analysis, by comparison of results secured in the two series of 
tests. 

(d) To determine the possible effects of practice upon the differ- 
ent types of visual behavior under study. 

II0    TEE- TEST VARBBIES 

The- selection, -of the. visual variables was. dictated mainly by the 
following' csusidsrätiprisit. 

1;: The. test .situations, would include both non-depth and depth - 
variables 0    *       ., ."'.*.," 

2a    Both monocular and binocular depth variables would be included«, 

1, • Jiie binocular tests would involve both "rea*?.1 depth and simu- 
lated stereoscopic de.pthe     . . " * . _ .__ 

4». The monocular tests* would be .as varied as possible, consistent 
"with, the «"cope;-ofr the study and the technical feasibility pf control of 
conditions^ 

5. The nbn-rdepth variables would include both acuity and phöriä 
measurements comparable with those" made-in the. earlier AGO-s.tud-ye 

6o The series of tests would'""fee^administered within, a single 
period of .not longer than two houa'-s - t.o be repeated at J^laier peripd, 

jrably one week later, -  ~  ~7 . . . ^_ 

7«, In order- to include a wide variety of test situations within 
the limited period^, each component was made as short ä's seemed consistent 
with a reasonably high level of reliability (determined in exploratory 
•experimentation)» 

xS?öi'ity^.ei-g.ht. visual variables were_finaliy included in the study. 
Together with the age of the. subject, they are listed in Table 1 ih the 
order of administration to the subjects. The following is< a classifica- 
tion of these variables, the .numbers in parentheses referring to the 
numbers in Table I: _•-<•. 

m, 
%. 
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TABIE I 

List of Variables included in the Study 

IT'"* 

te 

mt » 

it 

3o 
4* 
5,. 
o« 
7* 
e^ 

9*" 
10.. 
n, 
12. 
i3« 
140 
15c 
16* 
170 
'1-8. 
H. 

21, 
22. 
23» 

250 
26s 
27». 
28* 

29« 

Age r—.the ages of the subjects (all male> raised from 17 to 39 years, 

•HGwa®ä-D.oliEan: binojsujLar." depth perception test (at 20 feet) 
Hovjard-!«no3ajan adaptation for monocular motion parallax 
Sight=Screoner —• far stereopsis (Sloan's circles)- 
Sight-Screener «- far acuity (Sloan-*s landolt rings - both eyes) 
Sight*Screener ~»- near sterecpsis (Sloan's circles) 
Sight-Screener —*• near acuity (Sl©an*s Landolt rings -. both eyes) 
MF Distance Estimatipn Test 0B212-A (Gibson, .size-at~a^distanGe) 

O^fchö^Ra^er. F*& -~ fa*-stereopsis 
Orthc^Rater\F-5 
v^the^ter F-4" 
Örthö-Rater F-3 
Orthe-Rater N~3 
0rfeho-Ra4er. K-2 
Örthö-Rater M 

checkerboard•: „far acuity3. left sys 
- checkerboard t far acuity^ right eye. 
«• -checkeBboaTd;: far acuity:$  both eyes 
^checker-beard: near acuity3  left eye 
~ elie.ckerbSärd: hear acuity, right eye 
« .checkerboard;: near acuity, both eyes 

Ortho-Rater F-l -r far vertical- phpriä        ^ 
0rthc-Ratey-FW2 .*— far lateral phoria      __ 
Ojjth(>-Rater F--7 —• color       : , 
Örthö-Rater N-4 ~ near vertical "phöria. 
:örthö-iRa ter N?-5! -^ near. lateral phoria. 
Telebinpcular circles:. near acuity,both eyes- 

Telebinöculär sigrpps tsi far acuity;* right eye 
Telebinpcular- signposts,? far acuity,, left eye 
T;flei5&pcxilar near1 stereopsis"     ~—r— - 
Telebinocular far stereopsis 
Hcvard-Dpaagn-Weihstein (tilted, colored targets at 1©- fee-t")j 
%es~Tresselt size-depth adjustment 

Ämes-Bakan, interposition Illusion 
VeaJhoeff Stereopter     — -  _—--•--    -_      

Test variäbleä 2 *, '2-9 are iistsd in osder of administration^ Fne numbers at 
the left are used throughput the report to-designate the respective variablesp 

w 
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m 
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--"- Ar - jisoculäi? .Depth. Variables - " 

:,":•-.   .   ^ Real depth (Z, 26, 29) ,-  '."-Qrz -r- .- 
.-" 2) Simi^lated depth (4, 6, 9, 24, 2$) 

B„    Hoh'ocular Depth Variables.        _^   . r-~ ~- 

,. -; ------ -._-    \l) - Monocular motion parallax (5) 
^ "    ~ "        r2) Size-at-^a-distance estimation (8) 

3) Size-depth illusion (27* 
4) Interposition illusion (28) 

ßo Visual Acuity _-'"..- 

• .   1) Far acuity (5, IQ.,, ll, 12.,. 22, 23) 
:r    - 2VN8är scüity (7,13, U^; 1§>. 21)  ../.;-     - 

D,. EhöriaJ  - ,.'.--... 

'  .   r. : 1> Vertical, far .and near (16/' 19)-      , __•"." 
<) * la-teräi, far and near (17-, 20)        . * : - ' 

E. Color (%thp-Rater,) (18) "' ' _,'  "."'•' 

"Tjescript'lons" of these xest variables-arer given in some detail, in 
Appendix A, -including- the hvräbers of items (discriiainätions);^ and the methods 

.-of scpringv   •----."- -        • 

lx. would have been highly desirable- to have had^more. -and alsp 
more .varied <~ -g-itiaatlorts' involving tne use> :pf monocular cues-.    But the. ne.cej- 
.säry research arid'deirtiQjment. has simply not been -done, with these variables.j,. 
.03 Gibson-%f_Pvinte.d out Ci? 5)»    Extensive .experimental work must precede 
the deveJ-opmenl- of ':§tahdardi^ed •"tas-t's" based upon these complexly inters, 
jsnin'glad conditions.;»    Ife wass not pöösible in the present study to go. farther 
xhan the four variables listed*   Änd>8veh-. with these factors t|ie .experimental 
base vas not, top solidly established,,    But it se,emed worth while to check 

~upof.Jfche- iperid in interrelationships among avert so f ew^ monocular- vär-iäMes,, 
as well -as: to determine their reldtiönships with the- other visual, functions 

[I,    PROCEDURE 

,  Tha atudy developed in fpu? stages; £&) review of '.literature,, 
selection and development of the teats; {{b)  prelimihäry experimentation, 

(c) administration 
=is of results and 

preparation ;of thg^eport. -This section describes principally the general 
conditions and procedure: for -the administration of the tests c Appendix A 
contains_a äeseription. of the several .tests«     •__ 

6c 
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2« Test jtoafe, 

. All of the tests were cpnducted in a large L-shaped room which 
was subdivided into appropriate booths and one small dark=rGom, The booths 
were arranged'; around the wallg...o£ this room so that the several tests could 
be easily administered in the order listed in Table I? Shades were drawn 
in- the room and no lights were use4 except those in the test instruments or 
s&tuatiohs,» The walls were .painted ft neutral gray, except in. the Ames- 
Tre.sse.lt room which was: painted^jfeckg 

iblS", 
Electifrc^ahs and ^l^gfptelf^aus-t. .fan kept the ppora fairly 

-1 

IE 
ff.i 

jSii. - EroliiainäiEg/Testing »Training of Examiners, 

The period June 1 to July 11,. 1949,. was devoted tp. the standard- 
ization pf the tests and to the tr&ining,vöf examiner's* J^eliMnary- test- 
petest reliability coefficients were calculated, for most of the variables, 

•äs a. basis for setting the lengths of the tests-. The latter footer in t Urn 
.determined, rthe number of' variables that could be -included in the battery,,. 
As a. rule, some 20 - 30 subjects- affmi^id O^i these preliminary test3s 

The exämihei'S wore all graduate students chosen for dependability 
ähd^who seemed iio achieve a satisfactory degree of rapport with, subject-?:, 2 

___     instructions were prepared for each töst;, in two. parts: 
(a) directions to be read by the) subject., or tp the subject by the examiner; 
•(b). dirqctiönsi.to;_the examiner*, The examinBrs were- first given the tests,, 
and then, pract-icecT the admiriis-GMtiöri öf each test, under supervision uiitil 
the procedure was-well understood^ They thgn tested Several aMitiönä4 sub« 
je.c&s before, beginning- the) «eguMr series;,,. 

3* ^ocedure with-l;"he'. Regular^Test Saries«.  ~        .     - -- 

The subject came to ah' office äji,*a-eent to the test -i'cipx -for a— 
br-ief» preliminary interview« Relevant items Pf visual, §nd mecjical history 
-were-noted. -He was .asked about pre vi pus tests -of depth jpjrceptipn and .about 
his •oecnpatipnai history» An.examine? then ;c.Phduöted him to the test room 
and the series- began«.. -A si-ngTg gxaminer gave ail öf the tes-tg., in order,, tp 
•a given sub-JBo.t* Subjects who had- them were tested ;vith their glasses: on». 
The. tptal Öäie varied from l|- to 2|-höutfs (the retes/fc sessions were- naturally 
shorter than the,initial ones). Although the series became somewhat fatiguing 
or tirespjiie, tä-eeft^'M sulpjec.ts.,, in -general iaie 'inäarvldüü-l tss-ts seemed- -to be. 
sufficiently 'Short and varied to render these factors relatively unimportant,, 

?Ih additipri. to the research assistants, ,|fes.srs.;«. Bakan, Brown, and 
Weinstein,, the examiners were: Maxwell .E« Becker, Leah Bläustein, Melvin 
BudMäi.,. Robert Vinebe-rgj lfe?tin Wagner-, Bernard Weiss arid Alviri Wolf» 

7» 
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The schedule called £&z-4&G-r©±eäÖMgiM.L-vfee subjects one "Week 

.after the initial series* But many of them did not return as scheduledj 
"and these: were r-etestedäs.soon afterwards äs bailable. 

Because of delay in completing equipment for variable 27 (Araes- 
Tresselt) and 28 (Ames-Bakan), these tests were not included in the first 
test series for subjects tested during July X9/+9 (approximately 100 Ss). 
But 'l?y- the time these Ss were* retested, these two variables were in use? 
they were later retested on them separately, So-bpth the test and retest 
seriös for these two variables followed variable 29 (Verhoeff) for about - . 
half the .subjects.» fh view of the virtually complete lack of correlation 
lamong,- these variailes, it is-not believed that this irregmärlty influenced 
the-results appreciablya 

'M». .SUBJECTS 

A total of 2-28 men served äs subjects in the study.,. They were 
mainly undergraduates in MäsMngton Square College, New York university, 
al-thöügh. in order tpN complete, the- required number of retests a= few  - _ 
students in other schools and a few normstuderits were used«. 

The ages of ^he subjects, ranged from 17 to 39,. with a mean, of 
21„.86<, A- frequency distribution of ages is shown in. Appendix B,  Table. 3-l„ 
.Originally it was planned: tp: restrict the age range to L7~25,, but. when it 
became difficult to secüra subjects it was, decided to extend the range- and 
to tres* age- as. ä variable^ in the correlation matrix. Only 3§ .of the 228 
Sa were- older- than 2$. years:o. -  - -    , 
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c<» Visual acuity tests» The use of our 228 "unseleoted" college 
siai&Bnts aa*:es It possible to compare the three machine tests of visual 
acuity in terms of comparative difficulty and inärmer öf di.aper.sion of scores. 
In the AGO study most of the 14 wall chart tests gave negatively skewed 
ana aomevrha't bimodal distributions (!, pp<> 82-83)o It could not be deterraiasd 
whether or not "the 'real' distribution of visual abilities tested are pi?-ed 
up in the same way" (p, 82), IK. the present study the several distributions 
of acuity measurements differ considerably among themselves}  which suggests 
that such variations are functions of the nature of the test targets and of 
other associated visual conditions.» 1?or- exampl8-? consider the three acuity 
distributions for the Telebinocular. The far acuity tests with the "signs- 
posts" (right and left eye tested separately) show marked negative skewness 
(Tables &-22 and B-23),, with 45 "to §Q- per cent of the subjects getting maxi- 
mum scores-;, The Telebiriocuxar- circles test (both eyes) is much more difficult 
and .shows, far better discrimination among the subjects (Table B-21).». The 
percentage scales of relative difficulty presented in the Telebinocular tsst 
manual, gives the same value (105.) to s cores which are reached;, vespectively, 
by 4Q cändrby 6- per cent, of our subjects (see Tables B-21 and §-22) 0 

Considerable disparity exists between the -Sight-Screener .and the 
Ortho-Rater acuity tests' in level of difficulty and in form of dispersion 
of scores3    The §i;ght-Scr"eener far and near acuity scores show narked 
negative skewness^ and the means of the distributions indicate that the fest 
is cohsiderpibly easier than the. Snellen values suggest (the means are around 
20/15- to 20/16). The corresponding -Ortho-Rater distributions show much  
more satisfactory -dispersion of scorpB^ a-]* well as maarie wlrie-h. o.gi-00 mpeg 
SAOgoly wiih the Snellen ''!nörm0'!' fables- B-I2 and B~§5- contain these far 
and nesS äcility distributions (both eyes) e The degree of negative skewness 
is c.QnsMlts.^lf1 ikess and the: means,, lie at a.pprö^imäicely 20/19 on Uhe Snellen 
scalee §hi ~£öür 0i?=tiaö-Rä:ter d.istricüti"önTlf.ör "Che two eyes separately show 
'similar characteristics,-..with the- far.acuity tests having lower mean scores 
than the neax^ tests- ,(Tabies B-10f S~ll-, B--13? B- 

~&* %MS£}£. tests0 The four, phoriä distributions- f:or the. Ortho-Rater 
are shown-in. Tables B-16 ffar vertical), B-I7 (farrlateral).,. B-19 fneär 
vertical); and 13-20 (near lateral).«, 

~7^   The general form of all four sets of distributions; is reasohably 
;sa"tisfactory0 Although hot strietly "normal J' none of these distributions 
shows: the. skewness characteristic of many of the variables described'In 
the preceding petr.ag5?a-phs, ~ün-the fair-vertical -phorla test more than 40 
per cent- of the subjects, have the safte. #3ore of !,.6.>'"' but the frequencies _ 
t&fiä to dimifriah- fairly regularly in -boi-h directions, from th^s1 mode? (At 
the, near point the mods is. "i>V!) In-the ca:se of the-lateral phoria measure" 

* It, should be recalled that the Sight-Screener tor-gets used in this 
study are not "the standard ones, but rather ar,e the land ölt rings on the 
special' slide e 
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?;^; ments, the scale covers a wider range and correspondingly tlie measurements 
r<": £-rs more widely dispersed. 
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The means for the phoria measurements show these subjects to have 
considerably more right liyperphoria than the naval population studied by 
Sulzffians Cook and Bärtlett (17),^  They report means of 5» 17 and 5,11 for 

,^.a m                  test and retest scores, while our means are 6,24 and; 6,25, -for far vertical 
y>- phoria.   Ths means are more alike for the near vertical phoriä measure- 
#* ments: their values are 4.59 and 4*59', while ours are 4#S9 and 4,92. With 
|H -       respect to lateral phori-as., their .subjects are_slightly more exophorie 
||2; (or less exephpric) than ours at "far distance"! at the near poaavb the 
W] relations are reversed* 

|v <«. Comparison of Test and Retest Means; Practice- Effects 
is.-_. -  V1-1  •   .'     ! ,-,,"-,_"         ""  ~ •• "»"V'.••»-•'•' •-.'• •   _; _. •- • i —».»••«    >_•  

ff*: The mpans, standard deviations and "critical ratios" .for all 
l{j variables are presented in Table II. these values are based upon the fre- 
r^=N que.ncy distributions in- Appendix B. The score- units are explained in 
*-V Äppehdi-:; A«, For variables 2, 3, 26 and 27 the lower *he score, the. better 
'ff~ the performance.. (S adjusted two. ^objects until they were judged to be the same 
'§*!< distance away);,. In the case of' the phoria meMur.ements- '('variables 1% 17?. 
p? 19 and 20;), the scores are not. ^.performance indices"1 in; the same; sense 
lr as with .all" of the other tesis.e For the remainder *pf the variable'S-j. 
U.'• the score varies directly with level of performance#. 

H •$> l^ractj^ effects, for- binocular de.pth tests«,  It is 
4      - apparent, from Table;' II. that highly significM't. practice effects' appear upon 

Hi the repetition of the binocular stereopsis tests (variables 2? 4, &» 9,- '24> 
2,5,, 26^ 29)i. The differences .between the test and retest meäfls for the 
eight "binocular" variables,-are all greater' than three times their standard 
errors. It should be .noted'- that, the- ttfö sets- of scores are rather highly 
correlated fsee the last column in- Table II)', with the Result that-small, 
.differences become "significant" with-att.-NI.of 22Ö«. 

;       In general, the. tests of "simulated" depth tCrtho-Haterj. Sightr-." 
Screener and Telebinocular)\ show more !: significant- practice, effects than 

-- __  do ths: tests- of %eal" binocular dep^h,-. __But: this may reflqqi ;pa-rtiy the 
p fapt jfcbüt-the .me-x-ho& of measur-ing the -latter gave opportunity for more 

variability than was possible with the optical devices. The magnitude 
of the differences, between the test and retest means can be measured roughly 
byjdividing^ the difference in each case. 1bjf  say, the standard-deviation of 
the retest-distribution * The quotients can then be converted into units of 
:&•££&,JSldSf üis, nöfinal.probability curve. When the "raw score"'differences 
between means are transfpme.ct into these "standard^ units, the Bimüläted 
-depth tests as- a ;g#pup. atf.e still £pund to. show greater gains upon r>test than, 
the %eal" de.pth tests (,i0' vs. ,06 in- "normal curve'1 units!;. However,, the 

^Thi's was the group whose, scores were used in the second part of the 
A.,G, Ö; /study 0 - - 
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"TABES II* 

Showing .Means, Standard Deviations, "Gritical Ratios" 
and Reliability Coefficients for Test and Retes't Seores 

.---.„ 

nxff.. iivMSäna Test-/ 
RETEST ;--Sv"S.; Diff0 " ;Bei#st 

Variables               Mean Se D.* Meän s. p. (»Sritical Ratio")* Correlations 

1. Age                        21*86 2.96 .• ~»«. rrrr"                    - «- 

2. H4)olraan              35.31 2ij2 31/35 25o§ö 3.Ö1    " " .79 

lo H-irMotion           3%B§ 1ÖM 3M2- 9.75 ^-£*^L ."" »34 

4-o SS ?AStereopsie! 11,4s 4*43 12*78 3.58 " 5eä2 ,65 
5* SS F-.-.Aowitjr       42:,©4 10,45 43.38 9.07 2*85 M 
6. SS ii«StersGpsxs; 13^.05 4,09 3.12 4*47 .79 
7« MM Acuity       44.23 8i05. 44«8Ö %sr %*&   " «72 

8. AAF^ize               £U85 8e38 45.0,92 9M --'5gp .54 
9. Ö-R F. Stereo. _ %W 2^ß7 .. 5.49 2.31 r  ~^0m~  - .72 
10. ;Or-R F^cyity: (L) 9*?£ 2,43 9,70 2,61 -~-.~   '*%.& .7Q-:. 

iu CfeR; F#.'<?üiiy (K); 9V9Q 2 «.,62 «7 2M ^"c\ä .87 
12* &-R. liAcuity (B) 10,48 24ö4r I0v63- 2.16 1*50 .72 
13* 0-R.-if0Äöuity <j])MiZ& 23~3& ._iö..4i .2,ü*c •   ^3 .59 

14* Ö-R #.Acuity%yiÖs26 2,27 10ö4T 1.89 1.91 .70  ."" = 

m Ür® t0Äcuity;4B)tO«39 1*65 10; 60 1*64 -'-   ---%-M- *59> 

16* 0*R F^Phpria     6,24 1021 6025 l*i7 ""•_./:. _ 8i# ~M     - - 
17« .0=8 33-wt.lleÄr lM &M 7*18 zm o4©: .76 
18„ .G-iR'.;&dr            • 4*00 ,97- 4*87 ;91. --- _-ii#- .84-. 
1Q„ 0Ä.JI«;V^BhGTiÄ     %M 1.23 4.92 1,29 *ai .72 
20», •,Q*R N.L^öria     §«jE& 3:;46 6c5Ö 3oM *2§4ä- ~ .70 
21, TB - N.Äouity (B> X5.Ö 3\45 16.29 3.36 2*80 - -ö-45 
22* TB FoAciIity, (Rl,7.73 2*94 8.09 2 m 1.09 .79 
23c (DBV F,/Aeuity' M    0^35 2.71 8o20 2.65 •70 cÖ5 
24. TB- EUStereö.       16;0O 6*3& 17a 80 6ö7CF 5.81 .76 
2-5, TBlitiStereoV . : "I4c91^ .6.22. I6i83 6*45 5.49 M 
26o H^lman (Ti!tl.27;fl-.6i 2Q.64 24*27 18*19, 3.34 .•/ö 
ST, Arras (Size^ ' " ~r 3,49 2o58 £*58 2*13 6,50 ö52 

2&« J/$a§ (Inter-po.)    6.58 2;25 •6£ß- ;2.26. *%80 ,78 
29. fehoaff     -.: =--. 2>,9> ,1*32 jJ^,!^;? -*r©*2.i? /+Qti<, *84 

m 

$&, negative sign appears in the "cr'iticar ratio" coliünn for the" fota»   variables 
;(-10:j.lä^i28); VJhish- showed a^lovjgp loyel of 'performance in the retest«    Except 
for tho f.pnr phpria measip?ementsl7 all of the ®the£ dafferences indicate, improvs» 
ment % the se.cpnd series of testse 
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Ortho-Rater far stereopsis test shows a difference of paly ,06, "about the same 
as the real depth testse 

P» Practice effects, for monocular depth tests-.  Three of the four 
monocular väTiables show substantial and highly significant gains upon re-? 
test; monocular motion parallax (3), AAF "size-r-constancy" (8), and the 
hjno-z  size-depth illusion (27). The critical ratios are 5,71, 7.02 and 6,50, 
r«^-4-».t£vely-e In terms of exeunt öf eain_» if the differences betwe&n test 
and retest- means are converted into unity of area Under the normal curve, 
the throe percentages are: 017, el6 anl ,16. This means that on the retests 
about 66 per cent of the subjects exceeded the mean of the initial tests for 
these three; variable s.e- 

The Ames interposition .illusion (28): showed a slight "loss" in the 
second, test period: the critical ratio is 2*80 and the amount öf loss in 
terms of cur "standard" unit is .05. This means that the effectiveness of 
the illusory Interposition cues is äömewhat deduced at the second trial« 'The 
subjects tend' to perqfeive the -bargets slightly more as they actually a-ra, 
rather than as the false interposition cues dictate. But the. change is. 
slight, 

c. Practice effects for thö acuity tests« Altogether there are 
ll visual acuity variables inlfhe"tesVtettery, Table If _ show«- that certain 
of them exhibit slight gains in the second tegt series-and se&e -sf' these 
gains g-r-s- statistically significant (väriablos 5, l§j. 21)," But the gain& are 
small, in amount,, the- largest, .e.prresponding to :at>out «'08 in "x/sigma x" units« 
|-T;his means, that some 58"per cent of the subjects made retest scores greater 
thaja the mean of the initial test distributions,.)}  I» the case of two of the 
Orthor-Rater far acuity tests {variables 10 and 11).,. there -was a -slight de- 
cline: i:ijjiü3an score for the retest series^ but the changes, were not statistics 

in general^ the acuity tests, show, .much less practice effect than the 
depth perception tests.- — - ~      — • 

&• Practice effects for the phoria tests'§  Only the Orthö-ßater 
"near lateral" phpria test shows a" statistically sigiiifiBSst. difference be« 
tween the test and retest means. There is a slight decrease in relative 
exophoria uppja repetition of _the test,». The amount of difference equals 4 
per cent ihTterms of "normal curve'1 area, i.e., .some 46 Per ce^^ of •e 
subjects^had retest scories greater than the mean :of the first set of scores«, 

3r Test-Retest" Reliability _. --- 

The last column in Table II presents reliability coefficients for 
the 28 ygriatileSo In accordance with thev plan followed in the two preceding 
sections,* these correlations will be- discussed briefly for the four types 
of test variables. 

a« Reliability of. the binocular depth tests. Taken äs a group the 
'"goal1 depth tests .(2., 26, 2$, ~  the two versions of the Howard-Dolman and 
the Vorhpeff .--are so&cwhat more reliable than the "stereoscopic" tests. 

14« 
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Iri facfe* this- lust statement can be applied; generally to the monocular 
variables.   ^hQy-pW&äfbly are.highly .d3np©rtant   do^erffialon'fco of-     critical 
.aspects of depth; perception.    But they are also difficult to isolate and' 

.   ireful 'expeiimentatioö. must precede the effective use of them as 
zv.^     "'i^n-t'is.ts- 

cc 
dew« 

°» Reliability gf visual acuity tests., For the two Sight-Screener 
acuity te.sts thc~|esttretest correlations" öf i74 and ,72 ögrse r~thcr closely 
with coefficients reported for this test- in the A,G*0. study 4.73 and ,70 
for "both eyes"). even though the. special slide used in the present study 
presentM Landplt rings instead of letters-. 

**  -J-^H5 

I 11 
"it  I* 

The i-egular Hpward-Dplknän and the Verhoeff have reliabilities of ,79 and „84, 
while the modified Howard-Dolman with the tilted., -colored target has a 
reliability of only ,7G*   . - _>=-_ - „ _ 

Among the tests using "simulated" depth, those made with "far vision" 
are less .reliable than the "near stereopsis" tests. The reliabilities of 
the far stsrsppsis tests of the three commercial devices are: Sight-Screencr, 
«65, Grtho-ltoter, »72 and Telebinpcular, -».65, The reliabilities for near 
^stereopsis ares Sight-Screener, ft79 and Telebinocular, ,76.« 

i 

Is 

I 

•bb Reliability of the monocular depth tests. Only the interposition 
test (28) yields a satisfactory live! of reliability* with a test-retest 
correlation of i78- The other three monocular variables ail have -reliability 
coefficients below ,•&):, The monocular motion parallax test is the least 
dependable.,, with a reliability of .34. The judgments in this situation -are 
unusual, ghd riiffIcult for the" 'subject,,, and a. high degree, "of variability is 
not surprising; Garefui .exper3&entatlL©n: will be necessary tö establish 
optimal-conditions" for the measurement of this, aspect of depth discrimination, 

Qibspn^s AAF distance estimation test is more rpliabie^ but the 
23-item test jihpws a test-retest correlation' of only ,54.. Gibson ( 4». P 
reports twp, "split-half" reliability ^-©efficients fpf the test,, eaoh half 
cphslstiflg of 20 items;, the c^sffiöients are ,;4® and ,.j66 j, for two metiiods. 
of scoring (^nusber right'' and a weighted, score.),. .Substituting •pur coeffi- 
cient of «54 in the" Sp^rniän^Bröwn^f.oriauia^ a -reliability of i.70 would be 
p'.ödip.ted for a. test, of iM  ittms;, 

The ^mes^Tr-e sse.lt .size-depth test has about the same level of r.eli~ 
äMlity as Gibson*s AÄF test. The tpst«retest correlation, is ,52. This 
situation; is subject tö considöEäbale ambiguity;; performance in it la prob- 
ably con&itipned by several cues1 and sets, Th(3 subject sees three strips 

;, all.at the- same actual distance, but is told that the middle one 
is farther or hearer than the~othertwo:, :Hc ostensiblyi "moves'^ the. middle 
strip 'backward -or forward until it appears to bo at the same distance as the 
other two; actually he changes the 'height of the variable strip- until it. 
seem3 to be in the: plane of the;« two Standard strips. If the "set" changes 
from one of "tridimensional movement" to^'bidimensional matching, of height," 
for many subjects, then unreliability of "scores" would necessarily result, 
further pxperimeiitfl wprk is needed with this situation before its utility 
in the study of "individual differences co,n be established*  ~      " . v 
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The reliability coefficients secured for the Ortho-Rater acuity 
teats generally run lover in pur study than for the naval population studied 
by Sulzman, Cook and Bartlett (16), which also supplied the data for part 
of the A,Co. study« Our coefficient of .37 for "right-eye" far acuity is 
somewhat higher than their reliability for this variable* But cur near 
acuity measures particularly show considerably lower test-retest reliability; 
the coefficients are ,59,  .70 and .59 (for left, right, and both eyes) 
wherea3 coefficients above .80 are reported for all three measures in the 
earlier study. The reasons for this disparity are not Known. 

The Telebifiöcular near acuity variable (21). - the "circles" test 
with both eye's. -bas the quite low reliability coefficient of ,45.« But-the 
two. meriecular '-'.far -acuity" measures .show satisfactory reliabilities of .79 
and ,35 for the right and left eyes., respectively* 

, dt Reliability .of grtho^Rater pnoria:'tests« The measures of 
lateral phoriä are somewhat Snore i-eliabjf ^han the jtwp vertical phöria tests. 
The coefficients for far and hear lateral phWia are ..76 and .78, while the. 
two vertical phoria tests have reliabilities'of s70

; and .72. Our vertical 
phöria measurements' are somewhat more reliable than the corresponding vari- 
ables in. the Ifevy .study (.,62 and ,63 for :near arid far phoria). But their 
lateral phoria measurements show higher reliability:. ,92. and «87 for near 
and far measures^ respectively (17, p. 

4o Factor Analysxs of the .29..-Variables . 

Two sets of* intercorrelätions. were- computed, from the. test and" 
the rete.st scores of the 228 .subject's.-. Age was. .added to^the- 28 visual vari- 
ables to make; "a total o?' 29> The intercorj^iatiön matrices are shown- in 
labxeo- III arid IV'..  In each =cas& the correlation coefficients are- shown in 
thg.iupp.er part of the table and the si^cth^factor residuals in the lower..© 

The icentroid factor solution was used arid a preliminary set of six 
factors wsr.e extracted from both matrices. The aha lysis was discontinued- 
at this point,, since the standard deviation of the sixth-factor residuals 
was lower in each case than- that -of a correlation coefficient of zer.ps The 
pr©llmihary factor patterns were tban_ transformed by orthogonal rotation of 
axes- -into' .»uTtipJle»factcr patterns- which conferm fairly well tp Thurstone>s 
crii^ria &£' "-simple .structure." It, will be seen that only the first two pf 
the six. facjbors aeesuat for very substantial amounts of the variances; of thia 
several tests.*- Moreover, only three -of the factors- (I,. II and IV}  show 
eGnsistehtiLöad'ings from test- to retest patterns. The factor coefficients 
fpr 'bp/tjh" imbrices are slhown in Tables- V and VI*. 

&••- Factor Ia ;Sterepps'is >, All .of the binocular depth variables 
(both iHreal" and *'simulated'1) have significant and substantial loadings on 
this> factor., It is given the name "Stereppsis" because these tests all 

•dejpend upcn^v^riatiöns in stereoscopic angle .as a means, of securing variati'ohs 
in difficulty of tbc test items-. This factor' is presumably tLs same as - 
that called "Depth •Perceptionl' in the AGO .study,        •        " . _ 
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TABLE III, 

Intsrcorrelations and Sixth-lüctor Residuals for tae Iaitial Scores pn the 29 "variables 
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TABLE V* 

Süfisaiäry ,o£ Factor loadings for Initial Test M&rjx 

i ii 

Variables Stereopsis 

1* Age 
2-5- :H-Dc-lman- 
3. H*4)olmän -Motion 
4a -SS F? Stereopsis 
5« SS F. Acuity 
6i    SS tfi Stereopsis 
%   ss N, Acuity 
3a.   AAp-lizei. 
9,    0-R F, Stereo 
10„ 0-R. t» Acuity 
11* Ö-.R F. Äclii-ty 
ü£L. O^R/F, acuity (a) 
13* 0-R•'% Acuity "(L) 

:$rW~ 0-R JSW Acuity 
15V 0-R N6; Acuity 
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I?.,, Q-R Fo L? Phobia 
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/ 22a TTB FV Acuity (R| 
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TäBDS VX. 

Svmary of Factor Leadings for Ratest ffeii3?ääc 
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For the initial, teat matrix the factor coefficients range from »50 
to .?£, which means'that 25 to %0  per pent öf the variance upon these tests 
Is accounted for by factor I, She rates* loadings are slightly higher, 
oh the average;-; only- ya-isfcafeie--- 26 shows a lower coefficient for the r-stes-t 
matrix» Mö-tor 1 accounts for 20 to 62 per gent of the ratest variance of 
scores on these binocular tests.« There are no consistent differences between 
the real (2r  26, 29) and "the simulated depth variables (4-, 6, 9, 24» 25) in 
'^i'Z-p.fr öf factor loadings. The Howard-Dolman has the highest loading for the 
Jftitiai tests but Table VI shovs that the two Sight-Screener stereppsis 

-rXsriables have "the highest retest loadings» The modified H.Qvrard^Dplman 
^^^fcWith tilted colored ?^t^ref-J:3-t4^jgetp"has-_th%.-lGwss_t leading on 
, T^'ctor I among the- eight b>ir0'cu3a£> depth tests«    " ~~ -^ :^ :    - •_ ^ = 

- -:-    ^ly one of th« four monocular variables has a significant loading 
os. Factor f.? mpnpculer motion parallax With the Hpward~Dplman rods as- xar- 

' gets- (3).« Oh both; test and retes>, approximately 10' per cent of the variance 
of scores ,pn this- variabls= seems 'attributable to Factor I-    If this factor 
Were ä homogeneous determinant involving stereoscopic acuity solely, one 
would scarcely expect any .relationship between it and the monocular variables» 
But in, this instance, with one "eye covered.,, the -performances, of the sublets 
apparently'are conditioned in part 'by ä factor which is ostensibly "binocular" 
in nature,. Possibly the paradox might- involve the concurrent operation, of 
binocular muscular cugs..associated with pohvergencö'r 

It is interesting to- note that- factor. I has? signif xcaüt?_, although 
usually low, -loadings ortällL of the visual #cuity testa*. Furthermpjre, the' 
cp'ef £icients are ^u±te. -as- Mgh for the monocular acuity tests a-a for the 
binocular.* The.percentages' of. acuity test söpra vnr-ianoes attr-ibutabli to 
Factor I range from approximately 5 to. 20.-per cento The mannet'inl^hich 
this .factor named "Stereppsis" influences mphpcular a.cuity test scores cannot 
be determined -from these, results„ It 'shp\^ be..npt|d- that, these results^ 
differ fr.om\ those obtained in tip' ÄSÖ' study, which found mostly negligible 
fadings of the "Bepth Perception" .factor oh acuity test&'fl,,. jp* $M_A 

With respect to the phoria tests, the factor' coo^fi-'ciehtS; in Table; ~! 
show no significant loadings f.pr Factor I,. But the retest results in Table VI 
contradict -this finding in the case- of the tiro vertical 'phoria tög-ts» Both 
the far and the near vertical phoria variables, have significant loadings on. - 
Factor 1; the prö.pör-tiohs; of test 4cpfe. variance ajceöunt i for are approxi- 
mately 10 and 19 per cent, -respectively. Whether or not the disparity in 
the resuxt-s-för^thQ, test and-jjetest series is du§ to sAmplihg fluctuations 
is unknown^ £he A£Q .study found no significant "Depth" loadings on phoriä 
tests. (1, P» 

In, conclusion, it may be noted, that ~ only one of the eight binocular 
depth pereäptipn testä tias a significant loading exclusively on Factor li- 
the TffIebiriGcug^r_aiea;r atereopsis .testj for the initial test matrix© But- 
although a relatively "pure" measure of Factor Ij, this variable does not 
depend ripen the factor for a very h^gh proportion of its score variance (30 %) 
All of tthe= other tests have substantial loadings on Factor II0. 

21c 
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*>•• gaotor U8. Retinal Resolution. This factor is apparently 
the same as that identified in the AGO study as the general factor in 
visual acuity, fespection of Tables V arid ¥1 shows that all of the acuity 
tests have significant loadings ön Factor II. In f-abie -v (iiixtiyl test), 
Sight^creehe-r near acuity (7) and Ortho-Rater far acuity (12) have the 
highest coefficients for this factor; in both tests about 45 ps? cent of 
the variance is accounted for by Factor II8 The re test loadings are 
similar, with the Ortho^Rater variable shewing a somewhat higher- value 
(.50. par* cent of score vax-ianee.). The Tslöbinöcular aoäity tests show 
substantially lower loadings^oirFactor II than are found for either the 
3ight~Scre.ener or the Ortho-Rater» This is in agreement- with the AGO 
study (1, p« 66)=, 

The -eight, binocular depth variables show mostly low and barely signi- 
ficant loadings on facto? II#. The highest loading öc:c%s for €rtho-4ater 
fair stereopsis .(9) in Table Vj Factor II accounts for 16: per cent of this 
-ssöre- variance^ In most instances this- factor accouftts'. for less than. 10. 
per cent of the variance and several of, the factor -^©efficients are probably 
hot statistically significant. This picture differs; somewhat from the re- 
sults of the-AGO .stüdyj where the factofe named '''"Röjääiäi Resplütiöfi" had süb-^ 
stantially higher loadings on all of the- depth "perception tests than- shown 
iin, Tables' V ,ähd VI, The percentages of score variance due to the" factor 
.runged frpmäfcaut 10 to 27 in the "AGP .study«    " -:--      " " ; 

In the-case "of the GrthoVRäter tests, the far acuity variablesi have< 
considerably Sigher loadings on Fact or li than dp the tests of nqar acuity. 
"But, this relationBhip is reversed f ör--the. •Sight-Söreeheri, .and there are no 
.gpnisisteht trends in-the loadings for the Telebinpcular, 

''&•*   l|her factors. Tables. V" and VI show cöe'ff icients 1G<?r four " 
additional.-favors' which were extracted from. the. two correla-tional matrices-, 
;EÄcept in "the- «age «of Factor I? (ifertical Phpr.iä-)\j the patterns, for th*ss& 
factors arajfot Consistent from test. to. retest analysis* It ±8.,. therffprej. 
difficult to assign, names to; them. wi$h -any degr.ee; öf^ssurahee. All f oua? 
of these factors seem to have significant loadings oh the one or .mere pf 
the- four phpr-ia test's- -~ both for- the test and for the retest series* But 
there are scattered and inconsistent loadings on seyeräl of the other tests,, 
sp^ that it is only M th considerable, reservation that any labels at ail are 
asäigne.d tor the.se' last four facto'-c in Tables V and VI,- This situation 
probably reflects the lack of ^enough related variables within the monocular 
depth and-phoria groups to "generate" stable patterns of factorial loadings* 
Tbe-laste:of c.pmmunality means, of course, that most, cf the test score variance 

"roust be prpvisisnaliy- -a-tt-r-ibuted to. ".specifis. and error"5 determinants» /Witlr — 
these qualifications, a few comments will be offered concerning the trehds 
exhibited among, these- four miscellahe-ous factors.* 

Factor:. III. lateral. Bhoria -(first matrix only) *, Significant positive 
loadings oh thisr factor .are"" shown both for "the far and hear lateral phorie. 
tests in Table V,--The- percentages of score variance accounted for arö -approx- 
imately M in each case« Barely significant negative loadings are found on 
Factor III for some of the far acuity variables (p., 10 and 12), But none'of 
these relationships shows up clearly in the analysis of the retest matrix«, 

2k: * 
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Table TE shews that for "bhs latter the coimunalities of the two lateral 
phoria variables are accounted for mainly by Factors V and VI.  And each 
.of ths&e ws "köw^-.  scattered loadings on acuity variables« 

-- -Eactör IVa • yggA-lical Phoria»  This, factor has a rather consistent 
pjattern -of'- isssäihgs ^or^-bsth the test and- jJotesv snalyses._ In the initial 
test series, ;Fsctor IY accounts for 23*S,::geiv-cr-iv| of the score variance of 
the far vertical phoria test? and 21„5 per cent of the variance of near 
•vertical phoria scores.* These proportions go down; for the retost scries, 
being 1298 an|. ?vS; per oent-^respectively. Factor IV also has a low but 
consistent- leMiftg'.-on Telebinoeular far acuity (left eye) over the two test 
serifs ^therwise-j,, the Itöa&ingä 0n this factor tend to be either insigtiif i- 
caiife or-inf pnsirstenti- or: both« - 

3«. ^S'g^.eifi'Oity gf the, monocular depth tsstg,a Bispectioxi of 
tables V and'Vl'shovfs W-cfe on none of the four monocular depthvariables 
is- the söpre variance determined, to any substantial degree by aiiy of the 
•s'ik factors. The test and retest conpunalities: for these four tests are:- 

22: and -,14;\AAF size~distance -estimation -1 > .» •mpnoCTllar ^motion parallax. 
?li3|äLG(|irlöf- Ätses^tresselt :#i"|ei4epth illusion %2'7)f .,0§ and s14j Ataes- 
T3ä\^n:_i;|iterp6sitiön; illusion '(•?$);>- ai3

!^and ,>16.    fhb only consistent loading 
is--5p^fi- in: the* case of = monocular mpti^^rjllax, which"-on- tlöa test and the 
Eetes%has; %5 and 7.4 per cent of i.ig ?%fiäaö"e/ accounted for Sy Factor j0. 
The anomalous, nature of tiajts-re§ult has already besn discussed. 

Ill- generaij; these; four mpüiöcü3är d^pth- tests show very little 
iSati'QftsMp,.    They seem, to be -measliring. quite specif is. and mutually 
.iij.i:^üii.     -J»    »rj^i^Jil-    _! r=r. 2 _;_   Air ~ - 

itnte^jrSai:-!.. 
i&e^hdest 'äspeöts of 'fdf^th^-perceptson^' 

.;V;- ; M.    SUMMARY AND fGNCMSIONS: . 

This r-eport presents- the results of an a-£sjys-i-s: of two- sets of 
-m?asu^enie.fits- secured with a battery of 20 visual tests--. The jarimary purpose 
- öi the. .study was to ma&e factorial analyses of these test and. ratest scores 
i^-order to .determine the interrelationships among the -aspects- of visual 
discrimination involved in "depth perceptioh," From ah earlier factorial 

"-study reported by the iPer-scnnel, ilesiairch Section of the Adjutant General's 
"Office. Cl), it seemed probable ^±. tests based- upon different cues of 
^eüt^^^ert^agtion- »Aght measure, relatively independent functions,. The 

•pr&sfrii^uiSy^ thVrefora;jhas- includ'M a- variety of such situations-? mohpcu~ • 
'läf'äxß' biiiöCulaiF depth-perdepfeeTir*^ the btaocular tests, 
thpsö wMreh invplve. "real" depth :ahd those utilizing the simulated', depth 
-of -äiiQ^eoscopic instruments,. 

&i addition-to the factorial analyses, the^tsit~£.nd retest, data 
for the s.evefia-1 variables were- analyzed with reference to three other problems* 
:(a). the, form. ;pf. the distribution of scores for different types of visual 

-a 
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di-scrdfflinationj (~b); test-pretest reliability^ and (>,) practice -efi'ects,.. 

The principal results of the study. c&S "be .sum."«XT^z.e4; as^ follows.: 

10 Frequency Distributions (See Appendix B) 

&"• Binocular degth tests, There is no unifdrmity in the form of 
the frequency distribution for the eight binocular variables 9. Iferked nega- 
tive skewness ia characteristic of .some of them (e.'g.,, the Sight-Screener')•••, 
But, for others the d-i-s-tr'&taat-iQttS show' good differentiation among the sub- 
jects and a mueh el&sör äppr^x^^Mon tö; ^noEn^lityi. By these criteria 
alone,, the TeieTäinöeular test t^G 3i-p!) Is- the best of the "simulated" 
äepifh%st§, ,änd the^/örhoeff is- the best of the three tests of "real'" 
binocular depth :dls'c>iisinatis"n, 

b. Monocular depth tests. The MF sjize-distänce estimation test 
uixiersfttiates well among- t-ho ;subo.ect;g. and its distributions approximate 
about as closely to :%biwality'" as any ptners. in the study,  There seem 
to be no systematic; differences between the frequency distributions öf the 
monocular and the -binocular depth testa» 

c? Visual acuity tests;« The marked degree, of negative skewne^s 
found for acuity testa, ah the "AGO study is found alßp^för certain of the 
"~Js:g§3~Q"nt-^e3-$-8-4Qvg*.. the Special Sight^cresner Mpdölt" ring test) » But 
the DrthöwRater acuity "tests d^ffererrtiate much better among the subjects,' 
It seejas safe to -conclude that negative 'sk#.wness 5;i not inherently cha-rac» 
teristie öf tho distribution, of measurements of visual acuity* 

4«- Phoria tests.- In general,., the frequency distributions -"'for ---alLl"- 

fpur ^phörift t&st's are Reasonably satisfactory^ There is relatively little 
7'Skö.whös^; and-|äirly rg.od>d dispersion of seöres:»^   

"- ~""^T":~T'e"3T^^5Bt---^a<:-t'i;oe\-E.ffe-ct8; "5,- -       . .. .. _. _. 

K 
a.. Bi-hosalar d^|h tests-..  Significant, gains in mean- scores are 

found for all 'eight binocular- väMr*!es.e. ^ |ih..every .casi^the diTfeKence be- 
tween test- and retest means is more than three tiroes its standard error,, 
In general, the, "simulated!1- depthjlests .Show relatively greater practice 
effects than: the tests of "real" depth perception-,     - 

bi Monocular depth tests,. Three ^of the four variables in this 
group (3, 8j 27) show substantial ahd highly significant, gains upon retest, 
0/x_thG average,, some 66 p^riÄeht ;of"the"sufe-jsets at_the second -testing. 
e.xcoe^Q~i,hä._;»(Paru.p„f the- initialJLe^te^ -The Ames .interposition illusion 
showed-&. slight, "loss" in mean score at the r,etest0 

c« -Acuity tests i, Some ofthos»tests showed increases, .in mean score 
at the repetition or '-the* series-j,- but there were also ä few deer eases» In 
goneraij tha acuity tests. sh<?w much less, practice effect than=d3pth percept 
ti.ön, tssi-s^.   --,-      ....._:  ,  - 
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&* fehörfiia -testa-» "Practice" in the case of the;sä tests can only 
rnsaa "change'' in. degree of ocular .balance in one or both of the two 
ölmehaxonav Only the OrthoVltaxer asa? lateral pfcösia test snowed a statistic- 
ally significant change: a slight decrease in relative sxophoria upon repe~ 
titiön; of the te3t« 

%   Test-rRetest ReliaMikity 

•$• Binocular depth tests« The tests of real depth (2, 26, 29) have 
somewhat higher reliability!, on the whole, than, do the "stereoscopic" machine 
tests. '(-4, o.9! '% WUj  ^5)'* ~$&® Matter's test^retest correlations range from 
...6/5 to s79, while the three "realjlepth"'-tests have reliabilitieö of .79» 

*>• MonoQ-ular depth tests. Only the Ames interposition test. (-28) 
has. satisfactory reliability/ with a coefficient of ,78V T£.e mother three 
variables have ieliability coefficient;s> below »60^ 

" c. Acuity tests, fhe several acuity measures showed a considerable 
amount of variability in test-retest c.orrelätiöna far acuity tests tended 
to be more reiiable than those for near acuity, especially with the Ortho- 
Rater^ \(<esg;S^ .,72; to ,87'for'far acuity^ and «l^ *° «7Q for near acuity).* 

" _d* ;Bi2£ää, iSl*ä> 5?he -reliability-coefficients, for- the tv/g. lateral 
^hpt^^SBtf^Mp<i':M6J^M •78; the two vertical phoria tests" had re-liabili^ 
ties -oj-*70 and" .72.    " 

1-  4« factor -A^nä-ly ses _ 

Two pMriclpal factors were; identified for both the test„and the 
rje-ts.st-rinairiGes %,   :5tereöpsis and. Retinal Resolution, The analysis was con- 
tinued until four additional factors were extracted for each matrix^ but 
.only "one of these- (Vertical Ph'oria) was clearly identified in both analyses. 
^Eh'e-=-&cto? patterns f or - the; •other three" were not consistent from test -to 
tretest dataj  .- - .        ^      ."""'-   -  "  _ 

a» .Factor JE«, rT>%¥reopsis, All of the eight binocular t^sts. hüve" 
significant öna:¥uvSta-niS*iäl" loadings on this faster-j gome 25 to &£ per cöcj- 
of their «core, variance is accounted for by Factor I* T-heipe &ia -no »ion- 
sisten-t differences in size of factor loading bet'.-reen the "simulated* and" 
the :"real:" depth variables. Only one. of -tile -fcbndcular depth tests-^ however, 
has '&-:s-i-gnäficant. coefficient for Factor I end;it accounts for only about 
10 -per cent of the score _var.ia.nce (mÄec^lar motion ?a-r;ällax)u All of the 
visual- acuity tests "have significant.^ but mostly low;,, loadings on Factor I 
(the percentage of score variance accounted for ranges from 5 to 20), As. 
for^thjs phoria tests^ Factor "I has no significant loading for the first, 
matrix, but the retest results show significant loadipgs for the two vertical 
phoria testso *."""." 

-fey Factor II. RetinaljR$solution. All of the visual asu-ity tests 
have significant locd£iig3 on this- factor* The highest .eoöffi-cient is found 
for Gpteho^Eäter far acuity (retest)1., where some 50 per cent of the variance 

25. 



of scores is, accounted for by Factor il. The eight binocular "depth var|^ 
obles have mostly low and barely significant loadings on "Eetinal Resolution." 
And none of the other variables has significant and consistent loadings on 
this factor., except near lateral phcria. th this case, Factor II accounts 
fer 4*3 and'6*6 per .cent of the variance (test and retest). 

o.. Other faetorsv  The last- -f-«ar of the six factor all have sig- 
nificant loadings for the four phoria testsy either for the initial or for 
the seiest mati«ixfl But only Factor II, Vertical.Phoria. hrs a fairly oon- 
sistont jpattern for 'both: analyse sV The .percentage "of 'score variance of the 
:br_tB&^.tej?. verticil ghöria test accounted for by Factor .Jv" viirief froST"~ 
J^töZ3.5.      ""-•""'_  ""--"-'::. ---.- = 

&* Specificity of tho. 'ic-nocular depth tests« The;&e tests showed 
very low correlation with the other variables-^, and theref ore;?, had low 
and mostly iasignificant loadings on ali öf the factors'. The only signifi- 
cääät factor .coefficients- were found for monocular motion parallax on 
Factor I,, which accounted-, for.9*1 and 7*4 per cent of the .score variance in 
the test and retest series;»,. 

'£* Gonera-liuohc-luslong-, 

a.- The sesult-s of the present study fail to support the view that 
"depth perception" Is a homogeneous, behavior category. Judgments of depth 
and distance based upoft different-cues: or .secured in dissimila-r situations 
-tend to show, only slight-in^rreiatl©nships> 

b. Even among tests ba-sed primarily upon binocular disparity 
(stereo acuity), ä high? degree of non-relationship among, scores is found* 
The factor^-called "Stereops-is" accounts at ,most for about %£ per cent. ;of 
the; score- -variance and on certain of the binocular depth tests the per-^ 
cehtäge ärops äs löw äs." 20*       - /     " -  - 

— -—-— G* ^Comparisons of "real" depth tests with "the "stereoscopic'" 
machine -tests- fail to show "any systematic difference s;« On- the whole the 

- factor loadings: on. Factor I (Stereopsis). are similar in ränge and magnitude 
fPS_thg_two .grouss^sf- tests,- -Moreover.., the original inter-correlations are 
about as. high between tests of the two groups" as among tests within each 
category. But again, the fact that individual tests are not interchangeable 
should be stressedj for both groups' of tests specific and error \'ärianc.e is 

; "falf35rh[igh»( '       """"-'•-„    __   -    -- - 

d. The monocular tests, were all -virtually wirelated cither among, 
themselves or to other variables inel^ed in- the study, The: lack of cörrimunal- 
ity -Meant that the fa-otorial .composition, for these tests 'Cguld hot be deter- 
minodi Successful and definitive factor analysis in this field must, be <0e~, 
coded by extensive; experimental research and- test development do signed to= 
yield a set of several reliable variables for each of the important monocular 

cues«, 
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e, Xt is suggested that futur® investigation might pEöfitab%- 
fol£öw either or both of two courses;! (I) systematic essperiinentai analysis 
of %i& raaiiiner in which the several types of Visual cues influence: ^Judgments 
of depth and distance, followed by the deveiöjsient of "clusters" of reliable 
tests based upon each stimulus variable? (2) the direction of experimental 
tios and test development towards the analysis öf the visual resjairements 
of a particular typs of job«, The former approach would establish the basis 
for a comprehensive factorial analysis of döpth perception and related 
functions, ihe second approach' would yield a more restricted, .analysis of 
iSie organization of visual functions but "might, provide a set Of instruments 

. appropriately ^weighted with, referenof to the assessment of visual qualifi- 
cations £&^^^^ .specific occupational area* •    ~ 
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&BPEHD1X A 

Descripticgis_..o£ the Variables used in-the ...Study 

li 

f0 

Qpigimlly~it was planned to restrict the subjects (all male) to 
p.ges 18 - 25o. But when it "became difficult to sseure such subjects for test 
and- retest. sessions,, it was decided to xiomove th$ age-limits and to include- 
age. as1 a variable in the correlation, matrix. The agei ranged ^.ffc-r« 17 to 39, 
but, most of the sUfefee-ts- feil within the range 18 -25 years (see the fre~. 
queficy 45:öSributipn fa Appendix B)i* 

2o -Hdwa^feBolmah -Binocular. Bepth .Test 

Thdis familiar test presents two bläclc vertical i?pds,; the right-hand one 
üt a f&e^vdistance from the subject and the other adjustable in depth by 
means of cords held by §, The model used wa? .secured from G. H,. Stoelting* 
-A 2Ö-wa4t fluorescent $?mp was mounted lohgit^inally a-t the top of. the,frame 
so as. to provide, unif oral- illumihation, and a cardboard' .screen at^thß front 
concealed all of the .instrument except the aperture through which S viewed 
the rods*. S viewed the rods at ä distance of 20 feet frota the. fixed rodi 
The; posi-tiöh of his head-was Icept,'constant by-meanst of :a fixed head rest« 
S made 10- settings- of the variable rod, bei^: instructed ta adjust it to 
the same distarice as the fixed E;ö&-,_ Each trial began with the variable-rod 
ixt a different ;(but predetermined)i distance, from the standard one,-, äs follows^ 
•04% -ÖDj ~9Q,,f*gß3 /•£, «430- ^50,; *lQDs.. 415.0^ ~i80-Mtlifaeterä« After 
each trial. S^dropped the cord's sp: as. to* avoid judgments, based upon 'spurious 

^nöu-vssüal: cuss^. -JEhe, .average, errc-g offhe- 1©- trials in. millimeters ;firre- 
spective of si'gnsi is'---S-'.St:sSor,e?  - ~~   >c_ / \ij  

3> MonocuäztrvMol-ioh. Parallax. :(^tfe„Hovrard~Boljiiäh; arasaratusy - - " 

Because a precision instrument was; not completed 221 time. £er use in 
"the study,, a procedtSe was" devised in which .S judged the relative distance of 
*he H'oiara-Dolmah rotis while his-c-head was in motion. He rested his chin, on a 
carriage which he moved back and forth on a small track perpendicular 'to. the 
line; of regard. The distance' .covered by the eye in .a single excursion r.epre- 
sehiöcf an angle of 4 degrees^ a-t a distance of 10 feet from the •fi^Gd.r.c&. 
Wvd rods, were.= viewed with the" preferred" eye? while -the other eye was shielded, 
by an. opaque goggle., E set the variable rod. each time, and asked S tö judge 
-«hethef it.jwas. farther or nearer than the standard after moving his head 
through two- complete "cycles-" 'along the track (rights left.; right* left) in 
.s^chrGsisi?. with a metronome, which beat önce in, two. seconds.. The sefies 
begani'with the variable, rod 10 »mijtiimeters from the standaM^ and four trials 
vßrei'jifede' at that, distance .(two "nearer" and two "farther",-from *-he standard.)- 
(it-.W'&s- determined in. .preliminary experMentation that -subjects could not dis- 
criminate .separations of less than 10 mt.). - In sizccessiye series the das* 
tanösX wa,s" increased, hj increments of 10 mm. until S had responded correctly 
three', tirsss i» succession for each of the four columns of trials just note«, 
Sss score was recorded as the mean separation of the." rods at which S had 
judged'- correctly twice in succession. A sample reöord will illustrate-, the 

~~v ......."   so.. ~ -•••; 

in 



The mean of uhe Stances coirespon&sng' to the four responses uMerl'ined (the 
SB'sphS consecutive correct response in'each coltsnn) is 4205 mm* This would 
be the "score" for such a record* 

Ut 5lj &,  7;. äig-ht-^ScraenerT;Tgsts~-"-—^--- -^---i, 

Instead of the standard targets,., a special slide prepared according; 
to specifications- ef Dr.. Louise- ^lösn-wf-s. ;tise.d«_ Tests for only four functions- 
were made: far and near stereopsis, and far and hea-s acuity * ' 

Stereopsis Targets (4, 6):« The test is essentially the. same as in 
the- 'Vstandpsd" <sHd"e.-$. except-that there are three items in the practice series 
and at each of the four levels of d±fficulty. Thus there is a total cf 15 
..drteius- Mstehd .of the_stagda-rd fiye. The Shepard«Fry per- cent, stereopsis 
values, of the "practice1' ffirst-) series are Jß%i: 6©$ and 75|j- then- thr-ee•„. 
trials each are made in= succession at 45^>. 4ö$» %% and 105$. Th eäöhritem: 

one of the. five circles is presented to the two eyes' so as-toVproduce hinocu^ 
lär parallax äpä h^nce tends to "stand out" from the.other circles, 

ikcuity T-agggta jg.. %),. fh?--nsäracuity^test is made at 14 inches^ 
whereas the. far; tost is at the öptical equiy'aleht qi :2Q feet»' Landolt rings, 
are used 'instead of the- -letters ef £he' .standard slide.« Moreover., the sizes 
of the rings; .coyer a ranga from ,20/40 to 20/10 Snelleh units, whereas tb« _ 
standard range is from;'2Q/2öC)..tö.20/10* But there are only niiie ievgis in 
the latter whereas, the specif I^slide d!evslropM-f or Br, Sloan has. levels as 
foliow|.i_, 2Q^4Q>: ,?.3/3Ö> 20/25,, 2^/23% 20/20-, 20/13^. 20/17.-20/15, 20/13,. 20/10, 
'fhere- are five; items for-each:level except'.20/20-, .which has 10. The .subject 
is .require^ to discriminate the position of the break in the ring' on all items 
in order-to reeeive^a ^score for Tbhe level in question, _ 'The maximum score, is 

..55* •,'=-.'•    ""'     '  - .  • .-"r' -   - ' = -    • -     ""---;_ 

<*> The. "Sight-Ser,eener>S; and- the apesiai test slide were, Icfnaly p-^övid-ed 
by the American. Optical Co-,}  through the courtesy of 'Mre Paul i'v. Fryer« 

'.:SM~_ Ery. 1 (3) for the description of this unit, based upon the stereoptic 
angles 
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proeeaur-e: 

Distance Variable Rod Farther Variable Rod' Nearer 
in ram* 1st trial 

nearer 

2nd trial 

farther - 

1st trial 2nd trial 

10 nearer farther 
20 nearer nearer farther Sürfner 
30 farther nearer nearer nearer., 
m farther farther nearer nearer 
50 farther- farther nearer nearer 
'60 farther 



8. AAF 'Distance EstimaM^noTest,CF212,.A. 

This "is the photographic tes^a?62>Er&4'^ ^hese in discussing 
§lbsört% work involving "size-sconstäncy11 as a basis of depth perception 
there are W~fRot£>gräpls3 ^of a flat, •uniform'terrain-. Each picture shows ä 
set of„15 comparison stakes which were arranged in a row 14 yards -in front 
of the camera^ The comparison stakes were set in ah arc., 20 inches apart.» 
except for a gap of eight feet in tha center of the arc,, (The subject ob- 
serves the target stake through this gag.) The "standard" stakes varied 
£rom 27 to &3 inches,. ih 4-inch stops.. The wid,th ,of both standard and target 
stakes --varied -irregularly be tween two and four inches«- 

The four target stakes were .63.* 67 s 71 and 75 inches ih height and 
these wer.e aet ät '28;, |6, 13.2, 224'and'44& yards. Thus, there were 20 photon 
l£aph;g:j. each target appearing at ..each of the. five" distance &?. A random cSiier- 

•ht presentaMon was used« The plaotographs were placed'directly in front of 
the subject, upon a neutral gray bäckgröüridä, S sät About 15 inqhe?. from the 
photograph, which was evenly illuminated by two shielded 15-waÄt fluorescent 
btiifesv, S simply.r&Ashed, the target to one of the standard stakes in terms of 
height.- Äis. responses were scored, as follows1: corre.ct match) 4> evvo'4 by* . 
one .stake^.3^. -error hy two •stäkss;,. 2; error- by three stakes,. 1:. error-vof four 
or mor.o ,istakes$. 0. The ii^xLmum seore= is 80*. This Äcprlhg- method1 pr.ov.ää: to. 
yield higher^^ r§li-abiiity In: the preliminary „stuiaies than, .did" either Gilison^s 
•weighted^ scörJQ or the number correct0 

9 -- 20 {Jhc3,UsIvek -ffthoVfiatef Tests    - • :    _ 

Ihtfr instrument is manufactured by the BaUsch andT^pmb Optical So ?. 
The; ;ent^#t series of tests; vjas 'ailministejrreä.j. .although originally It was. 
planned; to use only the. -deptla «net acuity tggts» Ä löhsiderable1 .number of 
subjects were; tested before; it was decided to i-helüde the remainder of the 
series ^h^rfe^ä'jid^oii^ör tests), in the Mattery,t -The brder 'of the tests-4i|fe 
i*era,. therefore:, 'from7 thaV prescribed in the Bausch ärxd Lömb mahualo The 
grater; giveii $n Table .1 was followed- for all "subjerotsij in both the initial and 
the. .re.te;st. sjess~ior^i~ Otherwise,, the standard ciäjii&ions;fox -this tpst Wjfre^/ 
J^Intaihiii._:T;he- subtes.ts 'arid the, range; of scenes: for each are äs 1'oiiows-: 

9v 
-10« 
11 

if*. 
20* 

f-4.. 

Far stereo.psis:," scores., -1 •« 9% 
Far -acuityi Xlöft. eye) i  '~ scores, 1 

Colort scores;, 0-^ 6. 
fw.ar;w-Qi^tämCt phöria.: scores,.,.i » 9 
'Jlear- lateral 'phor^aA-jSCAre^.. 1 - 15 

32, 
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-^siS.^^* - ssäSstörte f^-leblTiGgyiIg-^,^gst - - - ~~  • --   | 

the jtM''e-6 S^leljiiiQCijiap ^uifcy tests listed in Table I are included || 
±n the standard series of- slides 4 Is'trxbiited \&th this inst-rn>!>eni (Kc- -jtciic | 
Visual Survey Series)*    in oxides df-:administration they ar* as follows: - j. 
(a) urest XIV which tests near vision for both eyes by having; subject l-^S^te j j 
whether a series of small circle^ -re filled with lines, döss or solid gray | ] 
(score, 0 - 22)j  (b) Test V (far acuity, right .eye) requires S to locate 
a dot in a"series, of receding signboards in one of four positions (score 0 - 
10^5  (,ö| iasi. VI (far" acuity,? lelVSye) is the saute ®& VV   '               -   >              -  -.• 

The 'feXebinöcijlär depth 'ce.st cohsists of a- spuÄiaV '.%t of s%ere©scöpl©- 
sitldes called the "A^iaiöSs %it- :BG 31-53r'',    There are 23 cards in the, en-   '" 
tirs series.^with.Sheparä'^Ery "per cent stfr-eopsis" values ranging fram_l$     -.-;. 
to iloii    Each card sjb?w.s three vertical .columhs of test objects (lp-yere 
ctnd numbörs"), androhe ^©bgeot appears tp^land out in frönt ci* the rüinaix'der 

' in, eaüli cglüffin";    The 12 'odd~number.ed cards were, üsed in the test series?., 
making- a total qf-3& Äs in the test*.   Slides 32;, 34 aiid '36 were used as- 
preot-ics slides.    Two.; scores are available!    the: "per cent stereöpsis1i: value 
öf'the Inst slide for which aii^respMsJs are correct and the 'total, nuffitber 
of iteffis correct by-the same, standprdy 

/•^26,   -H6ward°BöjJnan4Weinsiein^ 

-"   ~        This adaptation of--the Howärd-Dölman device was designed primär? "y 
to introduce %\io types of variation into this; "real depth" situation: 
(a) both, the fixed and the movable reds were,- attaeiied' %q. their "bases by 
lääijveroi Joints-, so they could be tilted to any desired angle;, (b) 3" x 3" 
colored squares "were attached to the tops, of the rods,,    In"this study the 
fixed .(right hand!), rodwös^in the -yertidal position and its sqgare was light 

-,g?§?hs   ^The variaM© rod; was tilted 3Q degrees to the left of the vertical 
- positionv with, the result- that its, orange- square faced the^ subject with "bo 

.of its. .corners, in^the vertical plane.    The distance between theCenters c 
the two. squares was 12 ihehes-j—and'the opposed length of sach rqd=3qüarÄ iuni'u 
y|as 11^ inches a. -The 'subject viewed .the units from a distance tf'TÖ feet.* 

.   f he procedure-vias th'e same-as-, with: the regular Howard«Dölman (isue-dejcr-ip-Hons' 
:f^or--variable 2 above), 'including.a headrest for'S. 

§£•/  Ames-fresselt^ ^ge^Bepth. illüsiou^ 

...   ,fb,is:..t.est_ situation represents an adaptation of one of the Ames 
- v4^usfl";;demonsträ4l5.ons:s.-" ü device -was-constrilcted. by which throe vertical bars 

•off|?B^^^e*a->v|^fear%? |Lä.t a,-distance, of 11 feet in -a completely darkened 
^do^h,"-^f?^^ end "ftf *K&8 alUrdy 

.:'•^$fr;^M:;$3$ i|4n|^«ih?-one of the researchassistants on the prefect, 
.doveicipsd;~ta€t.ains-tr^enty , :    .'.,.=- _.--:"    - "~:~ 

••: -/-P'j^.j l%^garet: T^resselt was responsible for the development and gtandardiaa- 
tiofc,x»f thi;^ -teetj- in aseerdas:^ vitk a bluepriarit sseured from ths %ncvv-s? 
..2äBMtütec \;.    • . - -    - v., _ 
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there are three illuminated rods* The ones: at the sides will always be at 
the same distance from you, but tile center rod wall be either nearer to you 
or farther from you» The device before you controls -the forward and backward 
motion of the center rod* By turning it to the right you can move the center 
rod further away. By turning to the left you can bring it closer, The object 
of this test is for you to line up all three rods in the same plane j at the 
same distance from you6 I will adjust the center rod to a new position each 
tiae, X.OU are to line them up each time, tell me when you finish«  and then 
close the, screen door. I will tell you when to open it agafn«" 

Actually, .all three strips of light were in the same plaiie^ and the 
•center oho; varied only in height.. Three heights of .the outer "fixed" lights 
were used-; 3> *4i" and 0 inches«. For each "standard" height the experimenter * 
set the variable "center light -t  in successive trials,, at five -different TiöäighirS, 
iwaMhg a total of 15 trials for the entire testc After each trial 8 pulled 
a screen across hi# linö of vision- so- the changes, in the stimuli could be 
made- without his observing them» 

Eä? Mes~Baka&. Interposition' Illusion? 

Another AmeB: demonstration served as* the. basis: for this "test,."1 The 
cue .of "interposition" ±s: .involved in, a series of colored cards- arranged at 
different distances, from tho .subject so as to appear to overlap- each- other* 
Ti^ree set's" öf three cards- eaSh were 'used and" In;ea§h.set wie subject was; askstt- 
tö ^name the -colors -of the squares in order- of distance from him, Each set 
=pf squares- was viewed through a separate, cylindrical metal tube', l6|r inqhes 
long arid eight-cia? in .diameter,-. The tubes were entirely open at the end which 
projected into- the enclosed booth containing the test squares., but closed at 
the other end •except for an aperture of about 3< mm«, through which _Sl viewed 
the tteee targets» ;:fhe. arrangement of the targets' and; the lairips^ followed 
the 'blueprint secured fröia; the- Banpver Institut e©; 

,,_ ;/The object öf the- "test" is to determine S£s degree of success in- 
u|$ng> interposition, äs a, cue of distance t,; But the use of the cue -means. th§t_ 
the phenomenal order of the squares in space äs; the reverse of the -.physical 

•orqer for :the- second and. third sets pf targets e. In the first set the two 
orders are the- same.«— Thm there are nine judgments to be made:f and the score, 

--is- the timber "fi-ghti! by.phenqmenologieal consensus-,  . ~ -  - 

ffi^ • yerhbef-f Stergopter -      .   - " _ -_ 

This instrument. Widely used as a clinical test of steyeopsis, is' 
manufact\^ed bycthe American -jptical Company.. A detailed description isj- 
given in %rhoefE>;s paper flo?. The aeviee-presents three -blae-k vertical 

_ 3fe*. ^ül-Bakä%. a research assistant on the project^ _develp.pe"d and 
st§gdarJ:izM.this_j^tj, 1-n accordance with a M^-v^rint ;secure3~Trorü the 
llmpyer Institute^   - "  -       '    " _ 
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strips- simultaneously in an illuminated rectangular window.« One of the three 
targets XtöS in a plane either in front of or behind the other two« Four 
sets df' targets are available? and by rotating the device 180 degree® these 
can b$ repeated^ in a different spatial arrangement,  to give ä total of 
eight items« The object, of the test is to find the maxim-urn distance at whxeh- 
S•".malceg eight correct judgments« Obviously, the closer- the objects the greater 
the degree of binocular, parallax and the löwer the stereoscopic acuity of the 
subject« The author recommends a score in terms of "Snellen" notation, in 
which a distance of 100 em* is taken as a standard.. For the present study 
-ft. simple numerical scoring method is used: one unit for each of the levels 
of c!M£inuitj at which ail eight items are correct.. The following arc the 
d&stances,, 'She c"örrespönai=sg;.Sne32en-type values., and the numerical scopes 
used:in this stiTdy,:-. •-    "   ' - 

rget Distance: 

I 

xa: 

„200 cm, 
15Q  CUti 
100 cm* 

•£&;   'CIIlo 

50 cm % 
40   C&« 

:ILess thüj? 4©.ep<> 

"Snellen Score" Unit Score 

~ .20/10-- -6 
20/15 5 
20/20 4 
2Ö/3B- 3 
Zö/iß 2 
2Q/5© .    1 

>öve 2Ö/5Ö 0 

-% 

"". it is essential that head movement and movement of the target be 
e3^nana-og4», and also that distance be Measured accuratelyi Neither of thesa 
controls prevails as the test- is custojiirrily üsecu yloreoyer;, the illtuaiha-- 
iiön of the, targets by means of a flashli-ght bulb may result in variable1 

light intensity as the batt&iy ages0 In the present study, thro© steps-were 
tiafegn.to control these conditions.;  (1)' the instrument was mounted oh a  heavy 
"ste^i pa* along which at-c.ould be set at the „specified distances;. (2) ff's 
h"e;ad."was-.held in a/päddsd headrest-:. (3)- a &-B Volt bulb: operated ffeöm a 
transformer- r&pTkäod.the,. flashlight: b^|>o          - "' 
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APPENDIX 3 

Frequency Distributions for the 29 .Variables 

T&BEE B~l- F*e-qii8nejr Distributions 
-of Ages of the Subjects 

TABLE B»2. Frequency Distributions 
for the HQHarö-BolJii&h Test 

Age Frequency Score xest 

Above. 30 S Above 97 15 IO                 i 
30 1 89-97 5 
?? 4 80-88 -  4   •_... 
28 4 71-79 I© 
-&? 12 .62-70 7 12                              j[ 
26 12     - 53-61 11 -                               1 
25 25       __ •44^52 15 6                             li 
2%  •' HI J&43- 10- 21                                              i 

27                              ] '.  ?3 ,24 26^34   - .30 
22 m- 17-25 55 47 
21 23 8-16 38: 76 
20 22 Below 8 8 -.,.&. 

-   "" 19 is . - - -.           — --- 
öO5 228.                            I 

-.-    -38-.. 12 Man «- 35.31 31*35       .                 1 
17 -   ;i.. S. D* 27*72 25*56                          ! 

2-2ÖL- ._ 

-Mean 2ji0;öp '; > 

S, Bo —=-  2«96 J 

1EABLBUB.-3;,.- .Frequency pis.tr'ibutiöns 
fof>:th« H-B>foti.an parallax.'Be.st 

TABLE B~4o Frequency Distributions 
for5 the Sight^Screener Far Pterebpsis' 

~m 

Score/. Test-. .. Retest 

Above "52-. 31  - 19- 
g0«52 ---io 2. 

^ #7-49: .:     8 4 
44*46: =        :•-   -      9         - 6 
43M3 -- 3 .    6 
3Z-1& ..      -2~5    --" -----xir~^ 
35-37 24 -    -12 
32-34 : .--21 24 
29r-31 20. . 13    "- 

.   26-28 --   -. 21 .- '25 
1  23«25 -V   ~3r .   75 

on 
,... . ?2ir '228^ " 

Mesäv pa37 .31,42 
Si $,  ~  ; -     10^73 ;'9o7f 

14 n 
ia 
11 
10 

9 
~g- 

7 
" 6 
I 
3 
2 
1 
0 

•Mean- 

Test Re-tea* 

90 
23 
23 
12 

7 
8 
f 
& 

6 
.   .2.. 
223 

lle43 
4ö43 

114 
- 33 

14 
11 - 
 8 

% 
4 
5 

 .6 

1 *< . 
o. 
1 
3 
1 

-I.. 
' 122|T 
.12*78 
;3«5jv 

36, 

"»»' ^~-^<j««w!*3*^a*(?;'-*' 



MIS' B^f. Frequency Bte&i-I'&u.tlous 
tm QrtAo^Rater F-6? fa-? Ster§#psa;s 

TABLE B~iC. ireeraency DistTibut?.gnä f*< 
fctho-Ea.ter F^ Fa* Acuity vle^" 

or 

1 ,.. 

-Seore 
Score 

8 
^7 
6 
5 
7. 

3 
2 
1 

Mean 
S, iu 

30 
34 
4.0 
32 
29 
21 
18 
13 
=1 

128 

5.A3 
2,17 

59 
39 
32 
28 
16 
26 
11 
Ü 

6 
2-21? 

15 (20/13} 
H (20/U) 
13 (20/15.) 
12 (20/17) 
:n (20/18). 

# £20/22} 
§• (20/25) 
7 {20/29); 
€ {20/33); 
5 t20/4©; 

4 (2Q/50;) 
3 (20/67.) 
.2 (2©/l0ä) 

Me&n 
S-. D-. 

5,   ^i     - TfiRTtr TW12. Freaüerrcy Distributions for 

Score "mst Revest Score Retest- 

3:3^28/3# 
% (S0/Ä 
ll (2q/l8) 
lÖr(2Ö/gÖ) 

it (-20/29.) 

5^2<fM 
s 4 C%9a) 

~ ilio^oö" ana 
above| 

Mean 
s>< 

40 
m 
17 

-34 
'CO' - 

•i© 
il 
i 
3 

-        ?i: 
 -.a.- 

2.62 

•3: 

i&~ 
P. 
42 
15 
39 
23-- 
i9 
-r 

.7 

1$ (20/13^ 
14^20/14) 
33.12®)«-- 
12 V£0Ä7¥ 
ll f20/l8)i: 
10 (20/20). 

9 t20/22). 
8 •(20/25) " 
7 (20^29) 
'6 (20/33) 
-«. (20/^0). 
4 ;&0/5©) 

_ 3* -ß>0/£W 

A. 
26 
54 

35 
2i 
23 
9 
3 

Mean- 10-848 
2.04 2*16 

&87' 
— o - go 

Test Betest                             | 

6 ?             i 
2 2.                                  1 

14 14                               f 
30 

ji rt.   ._-_._                                __       . 
;>o 

48 43                              ! 
30 23                   "        i 
jin ova. 
3? i. 

30 30 
16 16 

""""? 10 
7 

.3 * 
3 2                                  | 

) .   ,2 '2                                  * 
1 

228 "Ulf 1 
~i*     __          . _1 

"9ar7C^ •9.7Ü'                                      i 

2*43 2.6i                    j 
-      - "            i 

'~7* 

-•ig 

, •*-->?~:,r_... 

'/:' '^[^"'--'Xr-^i^.': 
'''''^'~.c.i£ll:1.2;". -?-.'. -'-:",„. IV  >. '-     .f   ' v». "~.slJL„~i^^ l.::£V-'' -' 

'-^SPiIC"*  /wr«SJi 



TABLE B-13. Freqtieficy Distributions 
for Ortho-Rater H~3* Keaa* Acr^ty (Left) 

Score 

& 
15 I 
14 

11 teü/lST 
K?  (20/20) 

9 (20/221 
13 CäÖ'/255 
7 (20/29); 
6- (20Ä 
5 120/&) 
4 0  
3 t4  . 
2 (20/100) 
1 4&>/2ÖÖ aiiä 

--.     .aboKe). 

Mean 
S«   .'aDji 

Test 

3 
31 
17 

55 

37 
21 
1© 
4 
£ 

0. 
2 

Rötest 

i 
5 

43 
27 

J9 
23 

2 

1 
0 
.2 

TABLE B-1&« Frequency Distributions 
for Orthe-Bater N-2, ftear Acuity'(Right} 

Scorö Test. 

^5 mm 
H (20/14} 
13 (W15J 
12 (-20/17) 
IT (20/3.8) 
16 =(20/200 

9 l2Ö/ä2) 
§ (20/25) 
7 (20/29). 
§^0/3M 
£ (20^: 
4 (2O/50f       - 
3, (20/67) 
:2' (20/iÖo) 
ii (50/200 and 

abpve)= 

Mean \ 
w»   Vs- 

6 
18. 
30 
55 
43- 
45 

£. 

4 

0 
2 

228" 

r2^T 

Retest. 

0 

26 
41 
57 
39 
% 
11 
9 
I 

.3 
T 

I 
1 

10,47 
1»89 

TABLE B-15,6 föequenöy Ölsiribütiphs 
for- Örtbo^^-ter^ jjwi, Near Aeti'ity.(Bo: 

Score; 

3k_O20^7)- 
11 (20/18) 
10 \%fy£®fc-_ 
—9~(2Q/22) 

8 (20/25) 
-7120/29^ 
6 40&M 
5 120/40) 
4^2fÄ 

—Q    .(;3C&£tfJS 

-  2 (20/100). 

:Jfeaii 

Test. 

1 

An 
38- 
16 

3; 
.2 
© 
1 

.:0. 

-&• 
Ä39^ 
". itfS5= 

Ratest 

is- 
44 

-62 
$1 
32. 

2 
3 
;0 
0 
i 
0 

10«,6Q 
iM, 

TABLE B^l6p ErequencjF Distributipg 
for OrthpÄRater F-i>, Ear: Vertical 

feitest 

/e 9 
-9- 
-8 
7 
6 

.5 
4 
i 
2 
1 

Mean 
.1-1.        TV 

D0 24 
n. ,ai. 

3: 
4 

14 
62 

6*25 

1 _T~; 

!«. 
LTO» 
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TABift B»17, Frequency Distributions   TABIE B*18, Frequency Distributions 
tSBc  Qptho^-iiater F~2, Far Lateral Phoria for Örthe~Eater F-7, Color 

Score    ~ fest Retöst Score Test xtC*t»SG v 

Above 34 -5   - 4                    6 51 49 
34 I o 5 110 125 
13 ' 1 3  . 4 46 37 

..    12 4 0 3. 13 9 
it 6 

25 
9 

1*28 
8 

2!>T 
i?\. ^z %an_ 4*80 4.8? 
8 3-5 m ö;»   U 0 *97 • _ „-91 
7 40 31 

\     6 ..    23 32 
•4L 22 16 rt 12 •8 ' >• 

3 6 6 
2 7 -5 
1 I    " 4- • ---- 

- ---'Ö- - .&. !•—»• ii Liintnw* 

Z2& 228 -- - 

Hean C-35- 7,18 - 

S.; f>. 2.79 2.72 

TABIE B^-19'. frequency Distributions 
£or .Qrtho^Rater ;N-4? Near Vertical 
Phoria 

TABLE. B-20, Frequency Distributions 
for •Gfrtho^Ra.ter H-jj, ;Near- Lateral 

Score a-e.Su ;Betest 

Abov,eV9 "-       5 
•\V.4 "••"--  .     #". 

'-'   \& ;i 
h 1© 

.-N    6 -•"   - 43 
5- -•-:. -    ^§ 

-£."" "'•""'••'    61; 
t --'      i(x 

----. - 2' _ 7 
_ - _;:   % _ _ _ .  _;j:n 

-^;'- .228 

-Mean 4aS£ 

'•?."" 
1 
'5 
4 

52 
= 91 

. 49- 
14 
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